Abstract-In this paper, we are interested in the diode ideality factor study of the double exponential equivalent model, based on the properties of the fixed point method. The optimal choice of this factor will improve the photovoltaic installation profitability. The diode ideality factor is a crucial parameter to describe solar cell behavior. Different methods have been elaborated to determine its value; some of them are analytical as Lambert function and others are direct as the normal method of the coordinates of the parameters. In our case, we applied the fixed point method which is an iterative algorithm to solve non-linear equations. The values obtained by this method are compared with the calculated values achieved by other methods to prove its significance and effects.
I. INTRODUCTION
The solar cell mathematical modeling is a crucial and indispensable step for the photovoltaic generator performance study and any optimization operation. Mostly the photovoltaic cell is represented by an equivalent electrical circuit whose parameters are based on the current-voltage characteristic. In this context, several methods have been investigated to determine the equivalent circuit parameters mentioned above. The diode ideality factor is an important parameter in the electrical behavior description of the p-n junction solar cell. This empirical factor indicates the material quality; it is due to the atomic interaction of the semiconductor-metal interface. It reports excess recombination in the depletion zone [1] , [2] . This factor depends on the operating conditions of the device. In the case of minority carrier scattering, the Shockley scattering theory gives approximately the value of the ideality factor of the diode between 1 and 2 for silicon diodes in the case of recombination in the charge region of space [1, 2] . Theories have predicted n = 2 at high injection levels as the recombination density increases [3, 4] . The increase in the quality factor of the diode affects the quality of the diode and the point of maximum power in the operating area. The diode ideality factor depends on weather conditions such as temperature, lighting and also voltage [5] . Several methods have been developed to extract the value of the diode ideality factor based on the exponential diode model, which explains the introduction of different values of the diode ideality factor from direct methods such as direct measurement [6] , the method of the series of variable resistances [7] , the normal method of the coordinates of the parameters [8, 9] . Other analytical methods have been developed such as the techniques for determining the diode ideality factor of solar cells were given in [8] [9] and special transfusion theory (STFT), which is a tool for solving transcendental equations [10] [11] [12] [13] [14] , solutions based on this method are accurate and analytical. However, the exponential diode model is considered insufficient to correctly describe the two linear regions of the voltage-current characteristic of the photovoltaic cell; so we consider the twoexponential model to figure out this problem as in [15] . The main objective of this study is to propose another method to determine the value of the diode ideality factor (n) using a fixed-point iterative method that is applied to solve non-linear equations. This method is applied to the double exponential mathematical model given in equation (1) . Recently, there is strong competition in the field of photovoltaic panels manufacture, we determine an optimal value of diode ideality factor which represents the diode conformity to a pure thermoconduction to improve the process Manufacturing. This paper is split into four parts: Section 2 is a presents the fixed-point method and its applications to our case of a double diode solar cell. Section 3 shows some simulation results and discussion to determine factor ideality of a grey solar cell studied in [5] . The final section gives some concluding remarks.
II. FIXED POINT METHOD

A. Presentation
The fixed point method is a numerical technique; it has been used to solve the problems of nonlinear equations and implicit functions. This method has been cited in several fields such as chemistry and biology as well as others, the simplicity and usefulness of this method have prompted many researchers to extend it further.
The iterative process is a crucial principle in computer science. It is principally used to find equations roots, solutions of nonlinear equations and differential equations, and so.
The fixed-point method generally devoted to solve nonlinear equations expressed as y(x) =0, where y is a nonlinear function of a variable x. The method is based on an iterative scheme to lead a given convergent sequence towards a fixed point x of its corresponding function, this fixed point is the solution of the equation y(x) =0.
This method is defined as follows:
 Convert the equation y(x) = 0 into the form x = F(x).
 Elaborate an iterative procedure to implement the corresponding sequence. www.ijacsa.thesai.org  Start with an initial guess x 0 ≈ r, where r is the initial solution of the equation.
 Iterate the procedure x n+1 := F (x n ) for any index n.
A Fixed-point technique is one of the methods to figure out nonlinear equations. As an example of the complex nonlinear equations translating some physical behavior, the one studied in [16] . In our case of the exploitation of the totality of the current-voltage measurements coming directly from a PV module, we analyze the equation (1) to solve it using the fixedpoint method to pick out the diode ideality factor of the solar cell component.
In this paper, we propose a fixed-point method to solve the nonlinear equation (1) . Since, others seem to be more complicate to implement directly. As an example, we find those used in "STFT" [6] and "W-function" [10, 17] .
B. Application to the Solar Cell Model
In this work, the fixed-point method is used to solve the nonlinear equation of the double exponential electric model of Fig. 1 . The model has seven parameters (I ph , I 01 , I 02 , n 1 , n 2 , R s and R sh ). This method has shown its efficiency and interesting performances in different disciplines. As an example; it was used to calculate the two-dimensional magnetic field in a device with magnetic hysteresis that was modeled by a simple analytical scalar model. This approach allowed easily the computation convergence [18] .
The seven parameters knowledge allow controlling the solar cell performance and make the maximum power point (MPP) extraction enabled in the photovoltaic generator.
Therefore, the identification of the photovoltaic cell parameters is a crucial step for the photovoltaic generator performance study and output optimization. Unfortunately, equation (1) is an implicit transcendental nonlinear equation. This implicit form increases the complexity of parameter extraction and PV systems. To solve this equation, we propose an iterative approach to find the roots and solutions of this nonlinear equation.
The double junction photovoltaic cell model represents more closely the observable effects on the device under various lighting conditions. The solar cell electrical behavior, represented by two diodes, is described by the equation (1) [5] :  n 1 , n 2 : the junction ideality factor.
 I: supplied current by the cell when it operates as a generator.
 V tn : voltage at the terminals of a cell.
 I ph : the cell photo-current; it depends on the illumination and the temperature.
 R sh : shunt resistance characterizing the junction leakage currents.
 R s : series resistor representing the various contacts and connections resistances.
 T: cells effective temperature in Kelvin (°K).
 q: the electron charge (q=1.6 10 -19 C).
The fixed-point method consists of elaborating an iterative scheme, in this case, a convergent sequence toward a fixed point x of equation (3), this fixed point is the solution of the equation (1).
According to the notation taken at the fixed-point method, the equation (1) can be rewritten as:
The function F (I) means:
The current value I is in the range as: -0.5< I <2.5.
The proposed method is implemented using the wellknown model of the grey solar cell parameters as in [5] . Table I presents these parameters.
We used data of Charles et al and Phang et al [5] [17] to evaluate different parameters for two solar cells, namely, grey solar cell (Table I) . 
C. Determination Diode Ideality Factor Optimal Value
Further to this, the diode ideality factors determination is giving according to the following steps:
To determine the optimal value of diode ideality factor, we use an iterative process and look for the corresponding meeting point I=F(I) for different curves of diode ideality factors values. This meeting point represents the optimal solution of the nonlinear equations (1).
The implementation process to determine the diode ideality factors we set the problem as:
 Find the point meeting I=F(I) for different values of n 1 and n 2 .
 Using an iterative process, Fig. 3 shows the corresponding curve for each value of n 1 and n 2 . The intersection I and F(I) around the point (0,0) is the solution of a particular diode ideality factors we are looking for.
a) Algorithm of diode ideality factor value determination using fixed point method:
 Define initialize conditions: In this work, the fixed point method has been represented by a nested loop of complexity O(n²). It requires extensive calculation and good approximations, which ensure the convergence of iterations. This method gives an explicit solution to the current-voltage equation (1) of the solar cell. Fig. 3 illustrates the different current-voltage characteristics of a gray solar cell for different diode ideality factors (small variations). We notify that the current depends on the diode ideality factor since the current increases gradually as the diode ideality factor decreases. The equation (1) solution converges to point I-F(I)=0 for two diode ideality factors of the double junction photovoltaic cell n 1 = 1.7065 and n 2 = 1.435.
III. RESULTS AND DISCUSSION
This section is devoted to discussing the obtained results compared with some related ones in the literature. This comparison concerns both performances of the solar cells and those of the solar modules.
A. Performance Comparison for Solar Cell
In order to evaluate the performance of the proposed method, the solar cell diode ideality factor extraction simulations and analysis were carried out for the different algorithms mentioned above as well as the fixed-point method. The comparisons operate on the parameter set values and absolute error.
For the algorithms named teaching-learning-based optimization, (TLBO) and simple teaching-learning-based optimization (STLBO) [19] were used to determine the unknown parameters in the nonlinear solar cell models since they are assigned for constrained mechanical design optimization problems. This technique is distinguished by fewer adjustable parameters. In [20] , biogeography-based optimization (BBO) was used to find the optimal estimation parameters of both solar and fuel cells. BBO algorithm includes the mutation motivated from the differential evolution (DE) algorithm [21] ; it gives solutions of high quality and has a fast convergence rate. In [22] , the method applied is pattern Search (PS) that can divine a wide range of optimization problems. This technique minimizes the error associated with the estimated solar cell parameters. The technique applied in [13] uses a meta-heuristic approach for optimization, which is the particle swarm optimization (PSO) the algorithm that has a higher expectation to determine a global solution in comparison with deterministic ones.
The parameter values listed in Table II Fig. 4 , there is a correlation between the values of the diode ideality factors (n 1 and n 2 ) obtained from the different algorithms and those obtained from the fixed point method since the values calculated using the proposed method are close to those of the algorithms listed in the table. The root means square error (RMSE) is used to quantify the difference between the calculated and the experimental currents. However, although the RMSE is smaller, the calculated values are more adequacies to the experimental I-V data of solar cells.
It is defined by:
Where N is the number of experimental I-V data of a 57 mm diameter commercial silicon solar cell from the system under 1000 W/m 2 at 33°C [34] , which is represented in Table IV. The RMSE value provided by the fixed-point method is 1.7084e -4 as illustrated in Table II . It represents one of the low values.
To ensure an objective study of the fixed-point method and different algorithms in the next section, the calculated values and experimental I-V data of solar cell and the solar module were simulated. The absolute current error sum is calculated in Table III . However, the fixed-point method and the BBO algorithm have almost the same absolute current error variation; its performance is chosen to be compared to the performance of the fixed-point method in Table IV.   Table IV summarizes the ACE value for fixed-point method and BBO algorithm based on the experimental I-V data. The fixed point RMSE value is 7, 77166e -6 and for BBO is 1, 10e
The experimental current value is different from the one of the current calculated in Table IV. The simulated I-V characteristics of the fixed-point method as well as the BBO algorithm and their absolute current errors for each data point are shown in Fig. 8, 9 and 10, respectively.
The parameter simulation extracted from BBO algorithm for R.T.C France solar cell yields 3.5 W as a maximum power point and for the fixed point method, the peak of the powervoltage curve is 3.6 w.
The absolute current simulation indicate that the results of the fixed-point method coincide with the BBO algorithm data both in a double diode model, which means that the extracted parameters are very accurate. 
B. Performance Comparison Results for Solar Module
The fixed point method is evaluated using the reported parameter values extracted from FPA and experimental I-V data of solar module from mono-crystalline (SM55) [23] . The number of cells in series in this solar module is 36. The reported parameter values of the SM55 module are mentioned respectively in Tables V and VI. It is essential to understand the effect of changing a solar cell temperature on the characteristic I = f (V) (Fig. 11 and 12) , The current depends on the temperature since the current increases slightly as the temperature increases, but the temperature has a negative influence on the open-circuit voltage. When the temperature increases the open-circuit voltage decreases. Therefore the maximum power decreased. At a constant temperature ( Fig. 13 and 14) , it is found that the current undergoes a significant variation, but on the other hand, the tension varies slightly. Because the short circuitcurrent is a linear function of illumination while the opencircuit voltage is a logarithmic function.
In Fig. 15 and 16 , the absolute current error in different radiation has the same variation as temperature. When the irradiation increases, the ACE increases, and decreases if the temperature increases. The RMSE values obtained is smaller and it coincides to the RMSE calculated using Lambert w-function IV. CONCLUSION Most of the methods used to determine the diode ideality factor based on the solar cell simple diode model. As today there are several methods, it will be necessary to choose the appropriate methods in which the least approximations are made. The double diode model of characteristic I-V is the most appropriate model to understand the different physical phenomena occurring in each device region and to simulate adequately the operation of solar cells. This paper presents a fixed point method based on double diode model of solar cells to extract the diode ideality factor values that solve nonlinear equations. The diode ideality factor values were found is close to extracted value by different algorithms.
We deduce from equation (1) and for a fixed temperature, the diode ideality factor decreases as the current increases. This factor varies depending on the semiconductor and the diode dimensions.
Moreover, the proposed methods allowed determining an approximate curve which will facilitate the extraction of the diode ideality factor (n 1 and n 2 ) appropriate values.
The proposed method is compared to other similar algorithms in the literature such as BBO, PSO, PS, DE, TLBO, and STLBO. The algorithms and method efficiency has been evaluated in terms of accuracy.
The comparison of the fixed point method to other algorithms proved that there is a correlation between the optimal value of the ideality factors of the diode n 1 and n 2 defined by the fixed point method and those obtained from other techniques; so this method can be applied to a junction and multiple junctions. 
